There are no known examples of magnetic white dwarfs with fields larger than ∼ 3 MG paired with a non-degenerate companion in detached binary systems. The suggestion is that highly magnetic, isolated white dwarfs may originate from stars that coalesce during common envelope evolution while those stars that emerge from a common envelope on a close orbit may evolve into double degenerate systems consisting of two white dwarfs, one or both magnetic.
Introduction

Grw+70
• 8247 1 was the first magnetic white dwarf (MWD) discovered. This object exhibits a strongly circularly polarised spectrum that is nearly featureless except for broad shallow features that became known as "Minkowski bands". Computations of H transitions in strong magnetic fields in the mid-80s revealed that these features are Zeeman shifted H lines in a field of 100−320 MG 2 . From just a handful of objects that were known in the early 80s, the number has increased to ∼ 300 isolated MWDs and ∼ 170 MWDs in binaries 3 . The modelling of Zeeman spectral lines is the best way to determine the field strength and structure of isolated MWDs. The detection of cyclotron lines in the optical to IR bands offers an additional method for the study of MWD fields in interacting binaries [4] [5] [6] [7] . Whilst research on these enigmatic objects has led to a better understanding of stellar magnetism, it has also raised a number of unanswered questions regarding the pre-MWD evolution and the origin and structure of stellar magnetic fields.
In this brief review I will report the latest thoughts on the origin and evolution of MWDs and I will highlight their importance as possible progenitors of supernova events, millisecond pulsars, and as hosts of first and second generation planets. More comprehensive reviews on all aspects of this subject are available in the literature 3, 8 .
Origin of magnetic fields in white dwarfs
According to the fossil field scenario, magnetic fields present in the interstellar medium (ISM) at the time of star formation freeze into the radiative regions of protostars. Fluctuations in the ISM field strength would explain the field spread observed in main sequence (MS) stars. In this picture the magnetic flux is then conserved as the star evolves off the MS to the compact star phase. Since the peculiar Ap/Bp stars are known to have large-scale ordered fields, these stars have been proposed to be the progenitors of the MWDs 9 . However, one should expect that MWDs ought to occur as often in detached binaries as in single stars. The Sloan Digital Sky Survey has identified thousands of WD+M dwarfs in detached spectroscopic binaries 10 . The peculiarity is that none of these systems harbours a MWD. The sample of WDs within 20 pc has revealed that 19.6±4.5% of them have MS companions 11 . The magnitude limited Palomar Green (PG) Survey has shown that 23−29% of hot WDs have cool companions 12 . Thus, the current MWD sample of about 300 stars should contain at least 40 − 90 objects with a non-degenerate companion 13, 14 , but instead it does not include any. This incongruity suggests that the origin of magnetic fields in WDs may be linked to their duplicity 15 . Spiralling stellar cores during common envelope (CE) evolution give rise to differential rotation. Differential rotation and a seed poloidal magnetic field in the envelope of the primary star would produce strong toroidal and poloidal fields which would stabilise each other and limit field growth. The final poloidal field strength has been found to be proportional to the initial amount of differential rotation, but independent of the initial seed field 16 (see left panel of Fig. 1 ).
MWDs in non-interacting double degenerate systems (DDs) and in the magnetic cataclysmic variables could form via a similar mechanism during CE evolution. The closer the stellar cores get before the expulsion of the envelope, the stronger the magnetic field of the proto-MWD emerging from the CE will be 15 . It has been known since 1988
17 that high field MWDs have masses that are on average higher than those of their non-magnetic or weakly magnetic counterparts (∼ 0.78 M ⊙ 3 versus ∼ 0.66 M ⊙ 18 ). Binary population synthesis calculations are consistent with the scenario that MWDs arise from stars that merge during CE evolution 19 and predict that MWDs formed through this channel are on average more massive than non-magnetic white dwarfs, as required by observations (see right panel of Fig. 1) .
In an alternative scenario, seed fields in the accretion disc formed by the debris of a low-mass star tidally disrupted by its companion during CE, are augmented by turbulence and shear and transferred on to what will become a MWD 20 . 3-D hydrodynamic calculations of merging double WDs have also been carried out 21 . These studies show that a differentially rotating, hot, convective corona forming around the more massive star during the merging process produces strong magnetic fields (see left panel of Fig. 2 ). Population synthesis computations of double WD mergers appear to be consistent with observations (see right panel of Fig. 2 ).
On the other hand one should not completely dismiss the fossil field scenario for the formation of MWDs 9,22 , since it is feasible that MWDs could exist in binaries although hidden in the glare of a brighter non-degenerate companion 23 (Sirius-type systems). Thus, the lack of MWD+M dwarfs in detached binaries could perhaps be attributed to the manner in which magnetic Ap/Bp stars (the progenitors of the MWDs in the fossil field hypothesis) are paired with their secondary stars. If a sufficient number of Sirius-type systems hosting a MWD is discovered, this finding could support the view that there is more than one formation channel for MWDs. In this context, I wish to draw attention to the atmospheric modelling of cool MWDs 24 showing that the spectral characteristics of 10 out of the 16 objects under consideration in this study can be best modelled as unresolved magnetic DDs (see section 3) whose progenitors could indeed have been (magnetic) Sirius-type systems.
Double degenerate systems
Type Ia supernovae (SNeIa), which are used as standard candles to determine the expansion history of the universe, are caused by accreting white dwarfs which undergo thermonuclear explosions. Since different SNIa progenitors may lead to different peak luminosities or different light-curve width-luminosity relations, their characteristics as a function of redshift could imitate the behaviour of a time-varying dark energy equation of state 25 . Since we still know very little about the origin of SNeIa, this is known as the "SNIa progenitor puzzle".
The thermonuclear disruption of a WD could occur through the merger of two WDs (also called the DD route). On the other hand, a DD merger may also lead to the formation of a millisecond pulsar via accretion induced collapse 26, 27 . If one of the two WDs has a strong magnetic field, a collapse could lead to the formation of a high field pulsar or a magnetar 28, 29 . What causes a collapse rather than an explosion is still being strongly debated. The presence of an intense magnetic field has only very recently been included in simulations of the post-merger evolution of DDs 30 . A list of the currently known magnetic DDs is given in Table 1 below. LB 11146 was identified in 1993 31 as a DD binary consisting of a non-magnetic and a strongly magnetic (∼ 670 MG) WD. The WD masses were estimated to be about 0.9M ⊙ and thus, LB 11146 was considered to be a potential SNIa progenitor. However, further observations of LB 11146 32 revealed the presence of a long orbital period (∼ 130 days) and a separation of ∼ 0.6 AU. Since the size of the orbit is smaller than the size of its AGB progenitor, this indicated that the two stars went through at least one CE phase. The long orbital period of LB 11146 is at odds with those of most other known DDs 32 , whose periods vary from a few hours to a few days 33 . Another remarkable DD is NLTT 12758, whose MWD component has a polar field of ∼ 3 MG. This DD exhibits variations at the rotation (spin) period of the MWD (∼ 22 mins) and at the orbital period (∼ 11 hrs) 34, 35 . The best fit model gives masses of ∼ 0.9 and ∼ 1 M ⊙ for the non-magnetic and magnetic components respectively. As for LB 11146, the total mass exceeds the Chandrasekhar's limiting mass, so in principle this DD could be a potential SNIa progenitor. However, its orbital parameters also place this DD on a merging timescale comparable to the Hubble time 35 . Follow-up observations of EUVE J1439+750
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, G 183-35 37 , and G 141-2 37 have shown that there is no evidence for variability in any of these objects, at least within the given observational limitations. More observations are needed to establish the orbital parameters of the remaining magnetic DDs.
According to the merger scenario for magnetic field formation 15 , in non- interacting WD-MWD binaries that have gone through CE evolution, the nonmagnetic WD would form first following a CE phase that would bring the two stars closer to each other. The absence of a magnetic field implies that there must be additional and as yet unknown conditions that need to be satisfied for a magnetic field to be generated during a CE (e.g. stellar separation, mass ratio). It is during a subsequent CE phase that the companion star would develop a magnetic field and would evolve into a MWD. Those DDs with large binary separations (e.g. common proper motion pairs) that did not undergo CE evolution would be the results of triple systems where the MWD formed via a CE merger. There is at least one DD, G 183-35, where both WDs are magnetic. This system could have formed following two CE phases each producing a MWD. If this is the case, the implication is that the components of G 183-35 form a close binary system and that further observations may be needed to search for very short orbital periods. Finally, one needs to address the question why not all DDs, particularly those at small binary separations, harbour at least one MWD. The answer could be that either (i) the WD precursor entering CE evolution did not already have a degenerate core 19 ; or (ii) convective nuclear burning in the core of the WD precursor took place after it emerged from CE evolution, thus destroying any generated frozen-in magnetic field 19 or, as already mentioned above, (iii) there are additional factors that come into play for the generation of a magnetic field when two stars enter a CE phase.
According to the alternative fossil field hypothesis, magnetic DDs would be the descendants of Sirius-type systems 23 where the MWD in the binary would the progeny of a magnetic Ap/Bp star.
Planets around MWDs
The accretion of planetary debris by WDs could explain the existence of DZ WDs 49 which are characterised by strong metal lines (e.g. Ca, Si, Mg, Na and sometimes Fe, Ti and Cr) in their spectra (see Fig. 3 ). Interestingly, the incidence of magnetism among cool (< 9, 000 K) DZ WDs is about 13%, which is considerably higher than among the general population of WDs 51, 52 (magnitude-limited samples indicate that only ∼ 2 − 5% are magnetic 53 ). In order to explain this peculiarity, it has been suggested that the progenitor AGB star underwent a CE phase with a giant gaseous planet, which led to the formation of a MWD 54 . The atmosphere of this MWD would then become polluted due to the accretion of rocky planets and/or asteroid rubble 55, 56 . The CE formation channel for DZ MWDs could be strengthened if the incidence of magnetism among DC (featureless) WDs, which belong to the same stellar population as the DZ's 55 , were found to be considerably different. In this picture, the MS progenitors of DZ MWDs could have been intermediate mass stars that had planetary systems composed by Earth-like planets and at least one close-in gaseous giant responsible for the WD's magnetic field 55 . It is still rather unclear what the incidence of magnetism among DZ WDs with T eff ≥ 10, 000 K is 51 , although preliminary studies seem to indicate that there is a dearth of warm DZ MWDs. This may indicate that magnetic fields in WDs with first or second generation planetary systems could be created a few Gigayears after the formation of the WD 54 . The problem with this scenario is that the incidence of large gaseous planets with short enough orbital periods to cause a merger and thus field production in the WD, may be far too low to explain the high percentage of magnetism among DZ WDs.
Another unique object that cannot be forgotten when discussing planets around WDs is GD 356 with a field strength of ∼ 13 MG. GD 356 exhibits Zeeman triplets of Hα and Hβ in emission. The modelling of the spectral features of this star has shown that the emission lines are formed in a region covering a tenth of the stellar surface where the stellar atmosphere has an inverted temperature distribution 57 . Radio observations have failed to provide arguments in support of a magnetic active corona and IR observations to search for a low-mass stellar companion have also given no results 58 . In order to explain these observations, it has been argued that this MWD may have a planetary companion in a close orbit that was strippeddown to its iron core 59 during the post-MS evolution. Electrical currents flowing between the MWD and the planet would cause the heating, via ohmic dissipation, of the upper layers of the MWD's atmosphere. The loss of energy due to Ohmic dissipation would then cause the orbit to decay 59 . The model's prediction was that GD 356 should exhibit periodic variations of several hours. Such a variability was indeed detected in 2004 60 and found to be consistent with the modulation of a spot located near the spin axis and covering ∼ 10% of the stellar surface. This electric current model is also known as "the unipolar inductor model" 61 . Thus, WDs can be effectively used to gain insight on how planets form around Sun-like stars, which are their progenitors. In this context, I draw attention on new research on Earth-like planets around cool WDs 62, 63 . The authors theorise about how planets could stay in the habitable zone of a cool WD for as long as 8 Gyr. They also discuss how planets could end up in such a zone and propose that they could form from material orbiting the WD, possibly as a result of binary interaction or merger events 58, 64 . This process would be similar to that invoked to explain the presence of planets originating from accretion discs formed after supernova events around neutron stars. 65, 66 . These planets are often called "second generation planets". Alternatively, planets may end up orbiting the WD via capture or through migration from outer to inner orbits 67 . This kind of formation scenario would be applicable to any planet found in a close orbit around a WD star. 
